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Lx. cvDic^Ktmim^mt^jint. 
ii&mm<ofmmc. too xnm 7 e o ^(o^sMmmn 
x\ mimmm^'^y.yhmtt^xmt. 

nt^m^. 10 

[If 2 ] fjIB'^ X -y h^fta. 7j<^Mi?«®M 
Jt:*M. 8 : 1 : 6cO®H©7j<^^||HM*T'f7 

LT. CVD(cj;!3g{tK:&fiKK'r5Xig^, 
lieiS^Ofigl^tSt. 7 0 Or7!;^7 6 O^CcOjaS^Hrt 

fc. 

iiT'^-^T. 30 

+ / ^> 3f COT gPttffi^ j^fig-r 5xe t s 

^fcLT. 8X 1 02<'f@/cm3J,X±cOU>'«)S^^-r 
57^:;P7rXi/U 3>?:it«5-lJ:SX@i:. 

t^ifB7^:;l/77Xv'U3y®^iffl^^c. 7 5 ccifi^© 
^l/^ff^XSfc, 

[W*]I5] BulBXSPmg^J^fiSc-rsxgti. MfB«5 
itdcDigPt , 8 X 1 0 2» ffl/ c tUiO U 
^-r-STt/l/^ 7X5^i; 3y*JtSl2-tJ:SXig«r^*. 
tijfB7t;V77X>/U3>'OiiWStc. 7 5 O'CjfifilO 

*^ 1 «tB«©4i»f*«t®S)i:^ffio 

[0 0 0 1] 



[0 0 0 2] 

0) o *XT>;':^T{i:. megtti. ^pi^if^t UT'J > 
^atJ'i^ U 3 ^'^gr, C V D {C <i; D 'J 3 X / N± 

(X-r-y:/'l 2) 0 

[0 0 0 3] TS15ttffi©±gi5li:a. ^-V^-^S^^JJOjeiSK 
t L.Tg{fclK*^fiitll$nS (Xx<y:/'l 4) o 
:/T'{i. mmmri\t^ V^uiVl/^y (S i H2 C I 
2) i:7>'t-7 (NHS) t^MStLT. TSP^ffi 

©±gi5fe: c V D(c J; K>mm^'mc^^-!t>9mim^n 
lasa. teiSK (SffcK) nvmx%xim%xi^ 
-m>'m^7^to 08^i:^■r^lP<. «5ii^®«axs 

a, CVD(cj;5S{tlgOfiRIS^!ia. fcJ:t>\ >^~V% 

wmmmz-m^^ti^. ''mknm&Hm^^\^x. ± 
[0 0 0 4] mmm<^imff'm^^t. ^^ic mmm 

•^i-y hssfttts 7mtmkt^m^Lxmibn^:m 

^ftJT-i/'Jni/'^x/NtcS 0 Ot7!)S9 0 Otiga©^ 
^iDK. S c i: tc ck 19 t>n5o 

[0 0 0 5] T^mmK^i^rix^^^^^nmTismt^ 

©jig-e'>U3>"i7xM£An^P.n5l^tj;t). TgPtt 

[0 0 0 6] *eiSIP(D>>x-y h^ft:;^^«l7'r?. 3)? 

1 8) o tl^*©il3i:^j*{cfcV^T. ±gi3«1S)ltt. 5 X 
1 0 20 <i/ c m3 m^om&X U y%-&iy>-J? U U n 

®±a3«»^J^fig$n5 (Xx-yy2 0) 0 
[0 0 0 7] i^V^T\ ±g|5«ffife<fca*Tg|5«»C-tSn 

f\\c. 8 0 0'C7bM9 0 0'C©ilHF«3T% 3 0i}-Sa© 



[0 0 0 8] 

T-^yi 6) fccktffMia (xt7:''2 2) *^fifif?n 
So mc. ^mwmm(oms{tim3i: b5>i?x^?*^ io 

i:lc<i;t). hv>i^X^f*^iE«{cl!)f^T*t&v^tt®i:>5: 
[0 0 0 9] $^c. m{fnj;>);i'ig«;<tU«|©J;'5 

[0 0 10] ±^LfeaSJ;D. ^J!lf*:Sl^DSlM{k 

[0 0 1 1] ^^mii. ±ii(o^^tjii^m^mmt^rc 
gwfc-rs, 30 

[0 0 12] 

i.K>mm^m^t^jMt. mm<ommc. 70 

0 X,T3m 7 6 0 "COrafiiiHrt T% Hu!2ffi«^ X -y 

[0 0 13] ^*Ig2E«®%Wa. 1 
«jiif^O«aJt*^ 1 . 8 : 1 1 : 6©i!H©7j<^ 

[0 0 14] ms^^tmso^mi. ^^-^^iyif^mx 
4^+/^>^?©»iByiii:bT> CVDfi:<tf)gft:«;&figffii so 
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t^TMt. itfei^K©BSt^t*lC. 7 0 Ot:jbM7 6 0*C 
©SaSSHrtT-, N 2 0;<;'X;&-&ty||H^ct>T?7--;l' 

[0 0 15] «*3l4EtO^W(i. 4^-V/V>^^«i^ 

1 02<'ffl/cm3m±©U>?§S;S:#-r57t;l/7rX 
i/Un^^&iiSl^^iri.xet. fjfB7t;l/7 7XS/Un 
7 5 OX;ja^©SgT% 17^M3^^©f5 
HrtT'^tf-)/K-9— v;l/7::.-;l/^fT5X8i:^ 
5 (1 1 i; -r S ©T^ So 

[0 0 16] W#3l5fBi5©%H^t*. W*J1171)M3© 
{Sfn*MSIB«©¥»^*:««©S!3a7^itT'^^T. fijIB 
±g|5««i%J^fig-r5XSli. tgtBieiiM©±g|3C. 8 X 

1 O20ffl/cmHX±©Uyig)t%*-rS7t;l/77X 
'J 3>;&itS[SHJ:SXS^^^, HufB7t;l/7 rXi/ 

')uy<Dimmc^ 7 5orj£^©iaaT% it^/ms^j- 

^i|tmfr5t©T**5o 
[00 17] 

[|^^©*fit©J^^] iI®%#SSbTc:©%??© 

s^«fri±. ig-©??^^i^LTffia-r5gi^^*BS-r 

[0 0 18] 5li5l©je^ 1 . 0 Hi. *%W©*M®Jg 
SI 1 ©S!jg73!*T'a!5g$n-S^5p{*«M 1 0©±^gi5© 
^mm^7r<to mwcTT.tm. *SI#:S«l Ott. 
U3>»|gl 2?r<i^TV''So ->';3>|S|gl z\at. 

sasc©ffif(Si sAWj-snrt/^So 

[0 0 19] 2©±g|3fi:a. y-hg?{t 

^18. 7-FS2 0. fc<};t>% x-^lS2 2??AWt 

anrv^s. mc. ^■n6©±g|5tc{i. iK*feiiiK2 4 

1 2©tti5(M 1 etcp^p-rsny^Jj^ ^J^^-;^2 e^b^^ 
ttenrv^So 3>^5f^ h5^^-;^2 6©F*gg|3{c{i, fiajx. 

«" F-y F U U a >«©»«#ST'«fi)c^ns a > 
^i'F 2 8*^^13- €)nTV>5o 
[0 0 2 0] lH^iiill2 4©±gRKii. 3y^i^h2 

8 i:«^6*)tcsia-rsTg|5«ffi3 o*^B^$nT</^So 

TSi5«ffi3 0«. m«Sifi©'J V^^tr F-T'FsKU 

U3>T«fiK$nTv>5o Ta5m3o©affi{i. 

K3 2fcJ;t)aS!$nTi/>?.o mm^Zit. 
gftHT'iifijcSnTV^S, tfc, iteii)l3 2©±gi5{C 
a, ±Si5««s3 4*^}^fig?nTV>So TSiJ®Bi3 0. 
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[0 0 2 1] TSP^ffiso. mmmsz. fe^tf. ±35 

[0 0 2 2] mzTb^me^^Lx. 

fev^Tti. 02fc^'r-a<Di!].a*^iitTsn5<:tti:j: 
[0023] ^ztc^-r-acoffiatcfei^Tf*. ^fe-f. 20 

m^n^ (X-r-y^l 0) o *Xx>yy7?{±. 

^fmitLXV >^^ts:i'^V iyV ay^^ CVDt 

[0 0 2 4] TgP«ffi3 0O±gptca, 
iSK3 2f:LT^ft)S*^/i)cll$n« (Xx-yr^'se) o 

(S i H2C I 2) i:7>t::^7 (NH3) t^mnt 

UT. cvDcj;t)fiEiK$nSo Hsfi. fmmsz 

(^itm) <Dmmxmx'mn-$n?>-mo:imm^^^t. 
msic^s^UK. mmm(Dmmxmxi,t. 

s^uny-j-x^-Niaso^rajaas c voteless 

ns« *SI»JBl^©S3i7affi{i. ^nc>©iaa©-5'^. 
->U3>"i7x/\©#fiffla*'<0. 4 Torres© 7 ✓'t- 
7 (NH3) |?aM>fT'*tf$n5. 

[0 0 2 5] mmms 2(0!mfi^m7t^t. >xic. m w 

»3 2©^ffiti:'>x-y h^ftA^SI^nS (T.x-yT'S 
8) „ *Xx-y7'£D«aa ("f 1 -y hiSfb) iteiill^ 

*5V^T. ±fB(D<i'x >v b^fctt. 7 0 0 "CA^B 7 6 0 
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[0 0 2 6] ±a!tfc'>x-y hggftCrSS (7 0 OX- 
(8 2 01C) KtbbT+^(c<SV^raSfT'^5, t^-^Ts 
T. 4^■\'7^>^cDS3gIgT•i/'; 3y'i7xMfCiiDt>5fi 

mt(om.mit (1:6) *e«ni3 z(D«m^m^K 

mitt^o^X'ffmfittmxib^. c<Drcisb. 

[0 0 2 7] i&mm2(D^j:-^hmitmTt^t. 
^■kic. nmms 2(D±mc±^nmmmis.^n^ (x 
x>v:/4o) , *mmm<Dm7&:^mic-^\^^x. 
mma. m^ms 2(D±mc. sx i o^offl/cm^g 

Soai^-^ 'J >^-&ty7 t;l/7 7 XS^ U 3 C V D t 
ii73^6K:fcv^T±g|5ttffillfcf>f-^?ns U viiS (8 X 
iii^Stl^Vyi&& (5X1 02»<i/cm3) tcjtbT 
[0 0 2 8] ^SlftSII^rlllWfCfijg'rSpAr'li. 

V 3 •&T±a5«ffifi 3 4 ^j^fig L J; ^ fc-rs 

8X 1 02«IB/cm3©<j;^:&;tV^Uy?ii[%#5 

m(0^olc, 7t;l/:;?rXi/U3y€:ttSI$-(*5<:fc{c 

[0 0 2 9] ±g|J«S)l*^}^Bg?n5t. i^fC. 

7^^!--i/if$nT±a5mS3 4*^je^$nS (X-r>y 
72 0) „ :k^^X\ ±gi5«i®3 4*3j;yTgP«ffi3 0tc 

i7NK^®aA^ffl^n5.o **»^OS3g7^r4T'{i. 
±fe©^i!!iai: LT. i/'j3>"i7xMK. N2SH^(ti 
*^ 7 5 0 1C©iaST\ 1 3 5^SJS© R T A (Ra 
pld Thermal Anneal) *^fifi$nS (Xx-y:/4 2) » ± 

fa©^jaa©^fftt. m^comi&yjmxm^^^n^m^ 

a©*# (SOCC-gOOr. 3 0^i-) (CjtUT. -> 

[0 0 3 0] m4i±. ^mwmm(^m^^i^t. 



0 4 (fJfcJff^ (3) UTg-r U 3 > x/N(D 

7 6 or®SST-^tTbfci^®ig» (*^fifij^ffi©^ 

[0 0 3 1] ite:l(l)4o<fel>*i^*(2)T'^^n5J:'9t, 

•>x>y hSKtOiaSA'S 2 Qt*^?)7 6 OICtCfiT-r^ 
Ci:(c<fcD, TDDB#^«)ii>) 1/1 0t16T-r?)o C 

nic^tbT, iie«(i)7i)SiK*(3)T'^$n5<i;^{c> 

U 3 > •i' X / \©»?g^HfC* N 2 6 N H 3 ^M^T « 

fc. "i^x-y hK{t:^orajS*^7 6 orT-S)-pTt, ^©S 

[0032] C © i 3 2 ©}g^X@fe:teV^ 

T v"J 3 V "i' X / N H 3 »HMT-#?g?-tiS C i: i; 

^^3S:TDDB#^;&f'it#-rS<:i:*^T'lr5« ^^Ai^^ 
©TDDB^^tt. e^U3y>i7x/N©#i^fflM*'NH 
3 T-SS^^tt. •i'x hiSffcOrSfl:?: 7 0 0 tgfiS 

[0 0 3 3] ±ai®iin< . *lim«OS3g73!*7:-{i. 
3 2 OJg/jgXSKfcV^T v- a y >>xM>()^N H 3 

{t*^7 occ-T eo'Ctossffiatiii^fsnSo c:© 
U&^-t^KmSiit too. TDD Bm^^^t 

So 

[0 0 3 4] *ll»JI©fijS7^ffi{i:fcl.^T. ±g|5flffi 
©/-cJ6. ±gl5S«i3 4fi:g5%m&*^»*^n5^^{i. ffi 

3 4 i:©^M>t3fi{i:^£l*^41*5o IfeiilMS 2 i:±g|5 
tt®3 4 i:©F^tc^-©<k5*^21*^^-rsi:, ^^■v/'^ 

w^jgi^T'fiJffl-rsfcfetcii. ±g|5ttffi3 4rtti:. rSttft 

[0 0 3 5] msii. ^m»mm<Dmm^i'\^t. ^^^^ 
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05*{i:??^(l)^#L.Ta-rjS«. ±gI5«®3 
4<OU>liJS*^5 X 1 O^ofi/cm'T'^O. ± 
gi5«1S3 4 rtgi5(D^»6tl^i?§ttfb$-&5it4i)©|^i!ia 
*V SOCC. F A (Furnace Anneal). 3 0^(O^f^X' 

■To ia5 4ifi:^^(2)^{tLTS-r^Stt. ±SI5« 
®3 40U>'lija*^5X 1 O^offi/cm^T'St). A^ 
^J!ia*V 8 0 0'C. RTA. l^(0^f^Xmff$ 

T«-r jiSfi. ±^nm 3 4 © u i/jgs*^ s x 1 0 2» ffl/ 

cm'T?^!?. fro, SMiafr, 7 5 0t. RTA. 3 

[0 0 3 6] ^*(l)feJ;y^m(2)T-^5n5<t9C. 
±SPSffi3 4 0U>fflS*<5X 1 GMffl/cm'-^-gc 

■rstf-&{i, ^saiicoraSA^iRii; (soot:) t-Sot 

fe, ^a©^iS7!)^FA3 05i-fr6RTA l^J-fc^HS 
nsil tick t). +-^'-'^>^©jFiJffl^${i!|^ 1 0 %fiT 

•rso cnt^ifLT. *s*(i)fe<timm(3)T-3^?n5 

Jcdte:. ±gl?«g3 4©Uyi§)fi^8x l O^ffi/cm 
't-rSt, ^iaa©¥jS^FA3 0^J-fr6RTA3^^ 
Mfc. iifflaoiaS?: 800"Cfr6750'C 
t<ST^-l*Tt. ^ + /V>^©fiJffl^^©ffiT^:&i|i^5 

[0 0 3 7] I16(±. ±a2Sii3 4©U>iliSi:, 

±^WM3 Acomf&m^. 7 sot. RTA. 3^^-©^ 

mx'n^nrc=¥^r/'^iy^(D^m^Mmt Lxmttix\^^ 
So 06tc^-r^in<. ±gi5mffi3 4tM-rsMa*^± 
ta©*# (*«ss}^9i©*fr) T-fTt)nsii^. 

6 fC^-riKS(C<fc ntf . U 8 X 1 0 2" fi/ c m 

4^^r-'^>^^^:WtT9 5 %J-X±©?iJffla^^*fs++ 

[0 0 3 8] <:©<}; ±gP«1S3 4©'J>'JS^^8 
X 1 O^offl/cm^Xifc-rst. Ma©^ff^ffifi 

ftu fro. sNfSftbTt. «e*©«i«!ia*fffrffli,> 

mm3 4©U>iga*^8x l 02''<@/cm3J.;^±T'SS 
^•a-fi. 7 5 0"C©RTA%l5i-iX±ff^iltT*. 

©fijffl^^ (tjfjis^ffc^t-rs 9 5 %«±) frffens 
[0 0 3 9] :^mmm(Dmm-:^mxi,i.. ±m<Dm<. 

±S|5«ffi3 4©iiatlS (X'r-yy4 0) T*. 8X10 



f@/ c © ym&ti'^±^nm 3 4 fcft-^^ns t 
t<Dm<Dm9!im (Xx-y:;^4 2) i}\ 7 sot;. 

CO 0 4 0] tCZr\ ±IB®*ffi}eSI(CfeV^Ttt. T 10 

[0 0 4 1] $/-c. ±ffeco^ssJ^®^cfcv^Ta. iieiiK 

X£D|?HM*T\ 7 0 0-7 6 orotSfiT*. 6 O^m 

v^5o *fc. mm^3 2commuxiy^j 

^t.-^. ^•cO|?H^*^NH3T'*<Tfei-5^:&{i«14*^ 

m&nzctti^m^mcmm-^nxi^^^ ctDtcib. x 

*Jltfrs«^tca. iM^ll3 2©figlljSSfc:felt5i/ 

zmw^i^xm^it^c t tLxi>^\^\ 

[0 0 4 2] $fc. ±l20*i6l)^llfc:feV-r> 

1 1 0«'7-FSi2 Ote<};tfx-^«2 2^«ATV^S 

Antf. 9-Kii82 0-^x-^i^2 2t^S*Ji|Bt*m^ 10 

enri^Tt. ^n6^^8^^^■^i•sc:t>S:<+■v-'^>^ 
[0 0 4 3] Sfe. ±83©3lfifim{c:fev^r«. jg^ai 
(S i H2 C 1 2) tTyt=.7 (NH3) i:*^fflV>6 

> (S i C I 4) t7yt::^T (NHS) t^WMtL 
X^mt^CttLXi>^^\ 

[0044] so 
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-i? 1 -v F ^{b^ras^ 700t:;^^p,760X;e 

tn^xt^o vt-^x. :^^m'Dm&-^mK^nii. ^/x 

[004 5] 2 tB«©5§B^ £ J; n«\ mti^<D <j7 

X hi6{t*<s ymnmaommitfi i . 8 : i 

1 : 6cDmm(D7km^mm^'pxnt>n:^o ■i'x-yhi! 

[0 0 4 6] is*^3iai^©%^(c<kn(i\ 

fflt^lC. N2 0;«rXttJt?. 7 0 0t;*^P.7 6 0X:8aE© 

7::i-;i/SaiI*^SItT$nSo ±fB©7::^-;Uin,atJ;n 

[0 0 4 7] Bi^j«4te«©^wte<kn{f. ±a5«@fc 

8X1 0»{i/cm'^e^Sigi[T-'J W;t>;b^SA 
$tl5o CO^-a-. 7 5 0rea©fiJfiT'l~3^igJK 

© R T A^ff? t T% ±a5«ffi}cma©«^6t)«fi4* 

U^t^cta^X^^c ccofcib. ^^icnixif. ± 

SI5«^©^Saargfi;&ffiraffcboo. mM©«M#14^ 

So 

[0 0 4 8] is*]i58Bij©^B^(i:j;ntt\ mmm^m 

?:S!ji^5<:i:*^T-#So <i©feft. *5!W©g!)i73j* 

omi&^ffnicnLxxtfimm^ira^ ^ctfs:<mm 

m 1 ] ^^mommmm i ©siST^ST-iajfi^n 

[0 2 ] i^^m<r)mm(omm i ©SiS^^rs^si 

[03] :^^m(ommomm i ©»Ji;^^a^i:*3v^T. 
«5iSaR©fiag^fciifT? ns -a©j!aa©i^s^HttW'r 

Sfc*©0T'^5c, 

[ia4] #SI»Sfi©^3fi;^iSi:++As/^©TDD 
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[0 5] it^^?^*ss®s}g73r^t++/^>^of|Jffl5a mmn?>-m<o!m(o^mmmt^rcisb<omr'S> 

tcomm^m-f^X'S,^. 10 i|i«li*gB. 2 0 2 2 -r 
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